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Sir: 

This Response is submitted with a Request for Continuing Examination (RCE), and 
is in response to the Advisory Action mailed March 4, 2004, in which claims 2-6 and 8-14 were 
pending. In the Advisory Action, claims 2-6 and 8-14 were rejected under 35 U.S.C. §103(a) as 
being unpatentable over Francis et al. (U.S. Patent No. 6,482,681). It is respectfully submitted that ■ 
all of pending claims 2-6 and 8- 1 4 are in condition for allowance. Reconsideration and notice to that 
effect is respectfully requested. 

To establish prima facie obviousness of a claimed invention, all the claim limitations 
must be taught or suggested by the prior art. MPEP 2143.03; In re Royka, 490 F.2d 981 (CCPA 
1974). As discussed in section I below, independent claims 6 and 9 require fabricating a device 
including a diffused n^ buffer layer formed on a backside of the wafer, which is not disclosed, taught 
or suggested by the cited prior art (Francis et al.). Rather, Francis et al. teach the formation of the 
n^ buffer layer via hydrogen implantation. In addition, prima facie obviousness can only be 
established by modifying a prior art reference when there is some suggestion or motivation, either 
in the references themselves or in the knowledge generally available to one of ordinary skill in the 
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art, to modify the reference. MPEF 2l43,0l'Jn re Kotzab,2\l F 3d 1365 (Fed. Cir. 2000). In this 
case, the Examiner contended that it would have been obvious to modify the teachings of Francis 
et al. to (a) perform the step of forming the n^ buffer layer by diffusion rather than by hydrogen 
implantation as taught, and to (b) perform the step of diffusing the N"^ layer on the backside of the 
wafer in the first step rather than in the last or next-to-last step as taught. A particular claimed order 
of performing the steps of a process can be shown to be nonobvious if new or unexpected results are 
achieved. See In re Burhans, 154 F.2d 690 (CCPA 1946). As discussed in section n below, the 
order of the fabrication steps for the low power loss semiconductor switching device of the present 
invention (forming a diffused n^ layer on the backside of the wafer in the first step, as recited in 
independent claims 6 and 9) produces new and superior results over the cited prior art (Francis et 
al.), and is therefore a nonobvious distinction over the prior art. 

I. Francis et al. do not disclose, teach or suggest forming a diffused n^ layer 

Independent claims 6 and 9 require fabricating a device including a diffused n^ buffer 
layer formed on a backside of the wafer. Francis et al. fail to show, teach, or suggest forming a 
diffused n^ buffer layer on a backside of the wafer. Rather, Francis et al. teach the formation of the 
n^ buffer layer via hydrogen implantation. 

A diffused n^ buffer layer provides several advantages over an n^ buffer layer formed 
via hydrogen implantation. First, the diffusion of the n^ buffer layer can be performed on many 
wafers at the same time, while hydrogen implantation must be performed on each individual wafer. 
Hydrogen implantation thus reduces productivity and increases fabrication costs compared to 
diffusion. Furthermore, hydrogen implantation typically has a lower ion beam current (or flux) than 
that of other n-type dopant ion implantations such as P or As, which further slows down production. 

Diffusion of the n^ buffer layer according to the procedure of the present invention 
also provides high controllability of the fabrication process. In particular, the diffusion of the n^ 
buffer layer according to the procedure of the present invention introduces one main shallow donor, 
which provides a controllable doping concentration. On the other hand, hydrogen implantation in 
silicon combined with low temperature annealing (300-500°C), as taught by Francis et al., is not as 
controllable. Hydrogen implantation (or proton irradiation), combined with low temperature 
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annealing, provides hydrogen-related shallow donors, which produces n-type doping in the buffer 
layer. However, it has been shown that three shallow level distributions are introduced during 
hydrogen implantation in silicon during low temperature annealing. Mat ScL Eng,, B58 .108-1 12 
(1999). Furthermore, when the fluence (or dose) of hydrogen ions is increased to greater than or 
equal to 5 x 1 0*^ cm'^, only two shallow level distributions are clearly shown. IEEE Trans, Nucl. ScL , 
Vol. 41 , No. 6, 1932-1 936 (1 994). Accordingly, different doses of hydrogen ions produce a different 
number of donor levels, resulting in unexpected doping concentrations. Also, the defects which act 
as shallow donors in hydrogen-implanted silicon can compromise the original doping concentration 
of the buffer layer. Id. Thus, hydrogen implantation combined with low temperature annealing is 
a less controllable and reliable procedure than the procedure of the present invention. 

Finally, it has been found that defects which act as shallow donors in hydrogen- 
implanted silicon can change reversibly. NucL Inst Meth., 209/210 (1983) 677-682. More 
specifically, when the device temperature changes from more than 300 ""C (annealing temperature) 
to lower than 100°C (common operating temperature of power devices), the equilibrium 
concentration of shallow donors (or, doping concentration of the n-type buffer layer) decreases, and 
vice versa. The variation with temperature of the equilibrium concentration of shallow donors means 
that the n-type doping of the buffer layer is not stable in a temperature-varying situation (which is 
common for power devices). All of these effects of hydrogen implantation combined detrimentally 
affect the controllability of the fabricating process and the performance stability and reliability of the 
IGBT as a power device. 

There is some disclosure in the Francis et al. patent that a "punch-through IGBT can 
also [be] created using a diffused wafer." Column 5, lines 47-48. However, this disclosure is 
characterized as "difficult if not impossible to control" (column 5, lines 65) and would therefore 
teach one skilled in the art not to use a diffused wafer, but instead use a hydrogen implanted wafer, 
as explicitly set forth at column 6, lines 3-6. 

The above evidence of new and superior results of the claimed diffused n^ layer over 
the hydrogen implanted layer taught by the prior art shows that the teachings of the prior art are 
highly dissimilar to the claimed invention, and that.it therefore would not have been obvious to 
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modify the hydrogen implantation teachings of the prior art without an explicit suggestion or 
motivation to do so. Such a suggestion or motivation has not been found, either in the Francis et al. 
patent or elsewhere in the prior art (the only suggestion in the Francis et al. patent actually teaches 
away from such a modification). As such, the rejection of independent claims 6 and 9 under 35 
U.S.C. § 103 should be withdrawn. 

n. The claimed order of steps produces new and superior results to Francis et al. 

Independent claims 6 and 9 require fabricating from a uniformly-doped 
monocrystalline n' starting wafer a nonuniformly doped n-type substrate which contains an n" layer 
on a frontside of the wafer and a diffused n^ layer on a backside of the wafer, wherein the diffused 
n^ layer is formed in the first step : The diffused layer is formed in the first step of this procedure by 
heavily diffusing certain n-type dopants into both sides of an n* substrate at the same time. One (on 
the final frontside) of the two diffused layers is then removed by grinding, and the exposed surface 
of the n substrate is further ground and polished to a proper position according to the required 
vohage rating of the device, thus the nonuniformly-doped substrate containing a diffused n^ layer 
(on the final backside) is achieved. As is well known, the doping concentration decays from the 
backside to the frontside. 

Francis et al. teach the formation of an insulated gate bipolar transistor (IGBT) 
including an n^ buffer layer and a weak backside emitter formed on an n" monocrystalline (normally 
. FZ) wafer (i.e., non-epi). In particular, Francis et al. teach that a diffused wafer can be used to create 
a punch-through IGBT, with the n"^ buffer being diffused just prior to complete backside thinning 
of the wafer. See col. 5, lines 51-55. This step is performed after the frontside structure of the wafer 
has been formed. According to Francis et al., the formation of the IGBT device, and in particular 
the intersection of the region and the gradient curve, using present day equipment, is too 
variable to.precisely control the forward voltage drop (V^^) and speed of the device. This problem 
is solved, according to Francis et al., by forming the n^ buffer layer via implantation of hydrogen ions 
in the bottom of the thinned wafer to control the concentration of the n^ buffer at the bottom surface. 
The implantation of hydrogen ions is performed after thinning of the backside of the wafer. 
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The diffusion of the n ' buffer layer in the first step according to the process of the 
present invention provides several new and superior advantages over the IGBT fabrication taught 
by Francis et al. First, in the fabrication sequence taught by Francis et al., the backside n^ diffusion 
must be carried out at a high temperature (more than 1000 °C) for a prolonged period of time (from 
several tens of minutes to several hours or more, depending on the starting and thinned thicknesses 
of the wafer). Forming the n^ buffer layer after fabrication of the frontside structure and/or after 
thinning of the backside of the wafer, as is taught by Francis et al., is likely to destroy the frontside 
structure during the high temperature process of the backside n^ diffusion. For example, the high 
teniperature process may affect various frontside structures such as the junction depths of the p^ body 
(or p^ well) and the n' source region, the channel length, the integrity of the contacts between the 
silicon and the electrode metal, and the integrity of the top surface passivation layers. In contrast, 
by fabricating the diffused n^ layer in the first step, as is done in the fabrication process of the present 
invention, adverse effects which may occur to the frontside structure during high temperature 
processes are avoided. Therefore, the fabrication steps for the low power loss semiconductor 
switching device of the present invention produces new and superior results over Francis et al. 

Therefore, because the order of fabrication steps for the low power loss 
semiconductor switching device of the present invention produces new and superior results over 
Francis et al., and Francis et al. does not show, teach, or suggest forming a low power loss 
semiconductor switching device including a diffused n^ layer on a backside of the wafer, the 
rejections to independent claims 6 and 9 under 35 U.S.C. § 103(a) should accordingly be withdrawn. 

Claims 2-5, 8, and 10-14 were also rejected under 35 U.S.C. § 103(a) as being 
anticipated by Francis et al. As discussed above, claims 6 and 9 are now in a condition for 
allowance. Claims 2-5 and 8 depend from allowable claim 6 and claims 10-13 depend from 
allowable claim 9. These claims are also allowable, since any claim depending from a patentable 
independent claim is also patentable. In re Fine, 837 F.2d 1071 (Fed. Cir. 1988). 
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CONCLUSION 

In view of the foregoing, all pending claims 2-6 and 8-14 are in condition for 
allowance. Reconsideration and allowance of all pending claims are respectfully requested. 

Respectfully submitted, 
KINNEY & LANGE, P.A. 



Alan M. Koenck, Reg. No. 43,724 
THE KINNEY & LANGE BUILDING 
312 South Third Street 
Minneapolis, MN 55415-1002 
Telephone: (612) 339-1863 
Fax: (612)339-6580 
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